For the protection of public health it is often necessary to estimate acceptable concentrations of chemicals present in the environment when data are lacking for the appropriate route of human exposure. The use of uncertainty factors to protect against potential differences in potency between routes of administration may, however, lead to an overly restrictive risk characterisation or regulation or both. On the other hand, there may be cases when the uncertainty factors are inadequate to protect human health. To minimise such errors, and to limit the size of uncertainty factors necessary, every effort should be made to determine the relation between administered dose and concentration of the active agent at the critical target site when carrying out route extrapolation.
Extrapolation is most commonly carried out from the intragastric to the inhalation route and vice versa, although many Another factor is the possibility of chemical transformation before or during absorption. Dollery et al have shown that here is a 1000-fold reduction in systemic availability of is proterenol when it is administered by mouth as compared with intravenously, due to formation of the inactive ethereal sulphate across the gut wall.4 Metabolism by intestinal organisms can result in either activation or inactivation of ingested chemicals. Pulmonary macrophages also have metabolic capability. For example, benzo(a) pyrene coated on particles is metabolised to its proximate carcinogenic form by pulmonary macrophages.5
Passage through certain organs may result in the activation or inactivation of an agent before reaching the target site-that is, "first pass" effects may occur. The liver plays a major part in first pass effects since it contains the largest volume of metabolising enzymes and since most chemicals absorbed through the gastrointestinal tract pass through the liver before entering the systemic circulation. For example, organic nitrates have been shown to be completely degraded to inactive metabolites with one pass through the liver.6 The lung may also be considered a first pass organ since all inhaled chemicals must pass through it before entering the peripheral circulation and Roth and Wiersma listed 22 agents acted on by the lung.7 Xenobiotic metabolism may even occur during dermal absorption. Since the lung, liver, or skin do not necessarily metabolise the same chemicals, the amount of active metabolite entering the systemic circulation can vary widely. In some cases the agent may be highly toxic by one route and without effect by another.
Route related differences in effectiveness of the agent may occur in chemicals with short half lives. In such cases intermittent exposure, such as that occurring with ingestion, may result in large fluctuations in concentration at the target organ. During inhalation exposure, concentrations of such chemicals in the blood tend to be stable once equilibrium is reached. Some periodic dosing regimens may result in acute toxic effects, whereas blood concentration remains at subthreshold levels when the same total dose is administered at a steady rate over the same period. For example, Evans reported that guinea pigs could survive 20 times the minimal lethal dose of hydrogen cyanide when it was administered at a steady rate over a 67 minute period.8
For chemicals with limited blood solubility, the concentration time relations in the blood are also likely to differ with exposure route even though the area under the time concentration curve may be the same. During inhalation exposure, uptake from the lungs will be rapid until the blood concentration reaches a level dependent on the blood to air partition coefficient of the chemical, the concentration in the inspired air, and the rate of elimination. Absorption then slows to a rate sufficient to replace the amount lost by metabolism, excretion, or storage. Greater uptake can take place from the liquid media in the gastrointestinal tract since absorption is not limited by the partition coefficient, resulting in higher liver concentrations. On the other hand, since the inspired air concentration is zero during oral exposure, the blood to air partition coefficient will be exceeded and considerable elimination will occur during passage of blood through the lungs. Thus oral exposure to these types of chemicals results in not only greater fluctuation in overall blood concentration than occurs during inhalation exposure but in greater concentration in the liver than in other organs.
If the critical effect occurs at a portal of entry for one route the critical site of action, the effective dose, and even the nature of the effect will probably differ for another route of exposure. Paraquat is one of the few chemicals for which the lung appears to be the critical target organ irrespective of the route of exposure.9 Portal of entry effects are likely if the compound is either highly reactive, such as formaldehyde deposited in the nasal cavity,10 or if it has a long residence time at the portal of entry-for example, particulate matter of limited solubility deposited in the lung.
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